Objective: Anticoagulation therapy is commonly used to prevent venous thromboembolism after abdominal surgery. However, bleeding during anticoagulation therapy is a problem, particularly in use of fondaparinux (FPX), for which there is no useful monitoring method. In this study, we examined the usefulness of measurement of the inhibitory activity of activated blood coagulation factor X (anti-Xa activity) for prediction of bleeding.
Introduction
A risk of venous thromboembolism (VTE) has been reported after abdominal surgery, and postoperative anticoagulant therapy has recently been introduced to prevent VTE 1) 2) . Unfractionated heparin, which has been used for anticoagulant therapy, is a 5-sugar polymer structure that binds to a specific site on antithrombin III (AT III). Various sugar chains bind to this site, and this interaction inhibits both activated coagulation factor X (Xa) and thrombin. However, development of a novel anticoagulant is essential because the effect is not stable, the frequency of bleeding is high, and there is a risk of heparin-induced thrombocytopenia 3) -5) . Fondaparinux (FPX) is a chemically synthesized drug comprised of only the 5-sugar structure that is the AT III-binding region, and it selectively inhibits Xa 3) . The postoperative VTE-preventive effect by FPX was investigated mainly in the orthopedic field where it was found to be useful 6) 7) . The successful use of FPX after abdominal surgery and for obese patients has also recently been reported 8) -10) . On the other hand, an increase in the risk of bleeding adverse events (bleeding) was also reported 11) . FPX cannot be 399 Original Articles Juntendo Medical Journal 2016. 62 (5) , [399] [400] [401] [402] [403] [404] [405] monitored using the conventional coagulation function test, Therefore prediction of both the positive effect and adverse events was considered difficult. However, monitoring based on inhibitory activity of activated blood coagulation factor X (anti-Xa activity) was studied in the orthopedic field, and this monitoring method provided good results in some studies, but the findings were not consistent 6) 7)
. In this study, we monitored anti-Xa activity over time during postoperative anticoagulant therapy with FPX after abdominal surgery and investigated the usefulness of this method.
Subjects and Methods

Subjects
The subjects were 67 patients who underwent resection of a primary colorectal cancer lesion under a combination of general and epidural anesthesia between December 2010 and October 2011 at Juntendo University Hospital, Tokyo, Japan. Patients with multiple tumors and double cancer and patients treated with palliative surgery, such as bypass surgery and colostomy, were excluded. Patients weighing 30 kg or lower, those with renal dysfunction with an estimated glomerular filtration rate (eGFR) of below 30 ml/min/1.73 m 2 , and those treated with either antiplatelet or anticoagulant therapy before surgery were also excluded.
For staging of colorectal cancer, TNM Classification of Malignant Tumours (7th edition) 12) was used. Regions containing colorectal cancer were classified into 2 groups: right side (cecum, ascending colon, and transverse colon) and left side (descending colon, sigmoid colon, and rectum).
VTE prevention method
Intermittent pneumatic compression (IPC) was applied as a physical therapy to prevent VTE in all patients. This was initiated during surgery and continued until the patient was able to walk. For drug therapy, 2.5 mg/day of FPX was subcutaneously administered at 14:00 daily from postoperative day 1 to 5 ( Figure-1 ). The epidural catheter was removed at 10:00 on day 2 after confirming the absence of bleeding.
Diagnosis of adverse events
Deep vein thrombosis (DVT) and pulmonary embolism (PE) were diagnosed based on clinical symptoms. Regarding bleeding adverse events, patients with Clavien-Dindoclassified 13) Grade I or more severe bleeding and without bleeding were classified as the bleeding and non-bleeding groups, respectively. When a bleeding occurred, subsequent FPX administration was discontinued unless hemostasis could not be confirmed.
Parameters measured and methods
The parameters that were measured included the anti-Xa activity, Antithrombin activity, D-dimer, Prothrombin time-international normalized ratio (PT-INR), and Activated partial thromboplastin time ( Figure-1 ). Coagulation tests were performed at 7:00 on postoperative days 1, 3, 5, and 7. It was SEKISUI MEDICAL) was used for these studies.
Statistical analysis
All values in the text are presented as the median. For statistical analysis, a univariate analysis was performed using the Mann-Whitney-U test, Fisherʼs exact test, and χ 2 test. Items in which a significant difference was detected were subjected to multivariate analysis using logistic regression analysis. The analytical results were judged as significant when the p-value was <0.05. In the bleeding group, the anti-Xa activity level was investigated in patients who had a bleeding that occurred after each measurement day. To predict the development of bleeding based on the anti-Xa activity level, a receiver operating characteristic curve was prepared from the anti-Xa activity level, the cut-off value was set using the Youden index, and the area under the curve (AUC) was calculated. This study was performed with approval by the Institutional Review Board of Juntendo University Hospital (approval number: 546) and with written consent from all patients.
Results
The median age of all 67 patients was 63 years old (34-83 years old). There were 35 male and 32 female patients with a median weight 61.0 kg (36.1-101.5 kg). The median eGFR was 80. The background factors of the bleeding (11 patients) and the non-bleeding (56 patients) groups are shown in Table- Table- 2. Gastrointestinal bleeding occurred most frequently (5 patients, 7.5%), followed by bleeding at the drain insertion site in 3 patients (4.5%). In the 5 patients who had a gastrointestinal bleeding, the gastrointestinal anastomosis method was a functional end-to-end anastomosis (FEEA) in 4 patients and a double stapling technique (DST) in 1 patient. Epidural catheter-related bleeding was not observed. Serious grade IIIa bleeding was noted in 2 patients, and the types were gastrointestinal bleeding and bleeding at the drain insertion site. For the gastrointestinal bleeding patients, endoscopic hemostasis was applied to the bleeding at the anastomosis site on day 1. For patients with a drain insertion site bleeding, a hemostatic suture was performed on day 6.
Changes in the anti-Xa activity are shown in Figure- 2. There were 11 patients in the bleeding group in whom the anti-Xa activity was investigated but bleeding also occurred in 2 patients with bleeding before day 3. Thus, we studied 9 of the bleeding patients excluding these 2 patients. Similarly, three patients were studied who had a bleeding on day was 5. Since bleeding occurred earlier than day 7 in all patients, the anti-Xa activity was not investigated in any patient after day 7. The anti-Xa activity gradually rose after initiation of administration in both the bleeding and non-bleeding groups until day 5 and then the anti-Xa activity in the non-bleeding group rapidly decreased thereafter. The bleeding group has not the date on day 7 and 10. Therefore the line is stopped on day 7. When the anti-Xa activity was compared between the bleeding and non-bleeding groups, the anti-Xa activity was higher in the bleeding group on day 3 (0.19 μg/ml vs. 0.12 μg/ml, p=0.002). No significant variation was noted in the coagulation parameters (Antithrombin activity, D-dimer, PT-INR, or Activated partial thromboplastin time) other than that of the anti-Xa activity throughout the study (Table-3 ). In addition, the coagulation parameters other than the anti-Xa activity were compared between the bleeding and non-bleeding groups, but no significant difference was noted in any parameter.
Significant differences between the bleeding and non-bleeding groups using univariate analysis were noted in the anti-Xa activity level on day 3 and the location of the colorectal cancer lesion. When logistic regression analysis was performed regarding these as explanatory variables, only the anti-Xa activity on day 3 was a significant factor (odds ratio: 5.37, p=0.021)( Table-4) .
When the cut-off value of the anti-Xa activity level on day 3 was set at 0.16 μg/ml, the AUC when a bleeding was found was 0.806. The anti-Xa activity level on day 3 exceeded the cut-off value in 23 patients, and bleeding was noted in 8 (34.8%) of the patients. 
Discussion
Clinical studies on the VTE-preventive effect of FPX in the abdominal surgery have been reported by the APOLLO trial performed overseas 14) and a randomized study in Japan performed by Sakon et al. 15) . In both studies, the efficacy of 2.5 mg/day of FPX was investigated, and a reduction of the incidence of VTE was observed. The incidence of bleeding was higher than that in the placebo group (2.4% vs. 0.7%) in the APOLLO trial, and the incidence was also high (2.6% vs. 0%) in the study performed by Sakon et al. In our study, bleedig was noted in 11 (16.4%) of the 67 patients treated with FPX. The incidence of bleeding in the Sakon et al. study performed in Japan was 2.6%, and was lower than that (16.4%) in our study, and the severity of bleeding was also mild (grade I). One reason for this difference in incidence may have been the delayed initiation of FPX administration in their study compared with that in our study. During this study period, 111 patients who underwent surgery for colorectal cancer at Juntendo University Hospital were treated only with IPC without anticoagulant therapy, bleeding was noted in 3 (2.7%) of them, and it was gastrointestinal bleeding in one (0.9%). Compared with these patients treated only with IPC, the incidence of bleeding increased by 6-fold in our study, suggesting that anticoagulant therapy with FPX increased the number of bleeding patients. Physicians should be aware of this problem. In other reports from the abdominal surgery, the incidence of bleeding varied from 0% to 38.4% 15)- 17) , suggesting that the daily dose, timing of initiation of administration, and differences in the definition and evaluation method for bleeding influence the incidence. We observed the significant difference of the location of the colorectal cancer in the bleeding group (right side >left side) for reasons that are unknown and required further investigation.
In our study, gastrointestinal bleeding occurred (5 patients, 7.5%) most frequently. The incidence of gastrointestinal bleeding after surgery for colorectal cancer was reported to be 2.2-3.8% 18) 19) , suggesting that anticoagulant therapy with FPX elevated the incidence of gastrointestinal bleeding. For gastrointestinal bleeding early after surgery for colorectal cancer, endoscopic hemostasis is not always the first-choice for all patients because the site and method of anastomosis vary 18) . In our study, bleeding on the right side of the colon (4 patients) responded to conservative treatment, including discontinuation of FPX. In these 4 patients, FEEA was applied employing the semi-closed method in which an automatic suture instrument was used twice. Hemostasis was ensured in a semi-closed state after the first use of the automatic suture instrument, but gastrointestinal bleeding could not be prevented. In a rectal cancer patient in whom grade IIIa gastrointestinal bleeding occurred, hemostasis at the anastomosis was not endoscopically confirmed during surgery. Endoscopy during surgery using an automatic anastomosis device was effective as a countermeasure for bleeding at the anastomosis in a previous study 20) , suggesting its use should be investigated for patients who will receive anticoagulant therapy after surgery. Acute subdural hematoma was noted in one patient (1.5%). When anticoagulant therapy is performed, intracranial bleeding should also be taken into consideration as an adverse event 11) .
Anti-Xa activity was useful in predicting bleeding in the orthopedic field in some reports 7) but it was not useful in other field 6) , and no consensus viewpoint has been reached. It has been reported that the terminal half-life of fondaparinux was 17 hours in young volunteers and 21 hours in elderly volunteers 21) . In our study, the activity was high in the bleeding group when it was measured near the trough level on day 3, and thus it may serve as a bleeding-predictive factor in the presence of FPX administration in the abdominal surgery. It has been reported that continuation of FPX administration gradually increases anti-Xa activity 6) 22) , and it also gradually increased in our study. We suggest that development of a bleeding can be predicted by measuring anti-Xa activity on day 3 during anticoagulant therapy with FPX, and information of this activity can help to decide whether to temporarily discontinue or reduce the dose of anticoagulant therapy. Since the timing of anti-Xa activity measurement was set at postsurgical days 1, 3, 5, 7, and 10, bleeding on postoperative days 1 and 2 could not be predicted, it may be possible to predict bleeding after day 2 by measuring the activity on day 2. Among the time-points of anti-Xa activity measurement, day 3 was judged as the appropriate time-point because many cases of bleeding could be predicted. Since the incidence of bleeding was higher than that expected in anticoagulant therapy with FPX for prevention of postoperative VTE, attention should be paid to the possibility of bleeding when this therapy is used. In our study, the AUC value of anti-Xa activity level on day 3 was more than 0.8, and we suggest that the anti-Xa activity serves as an index to predict occurrence of bleeding. By monitoring the anti-Xa activity measured value at which VTE is prevented without causing bleeding, safe anticoagulant therapy with FPX without bleeding and preventing VTE may be performed.
